Improved wear and friction properties by self-formed SiC layers in Mg/SiC composites
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Abstract
The tribological properties are evaluated using several types of Mg/SiC composites, which SiC powders with particle sizes of 20~30 nm, 130 nm and 2~3 μm are dispersed in up to 25 % by volume fraction.  Sound and bulky Mg/SiC composites are successfully fabricated by powder-metallurgy combining extrusion process.  The initial SiC particle size and their dispersed volume fraction affect the wear and friction properties.  The specific wear rate increases with increasing contents of SiC particles, regardless of the initial SiC particle size.  However, when the SiC particle size is larger than a certain size and its content is greater than 10 %, the friction coefficient suddenly decreases.  In the surface observations after friction tested specimens, the element map shows the Mg ratio relative to Si ratio (= SiC) increases with reducing friction coefficient.  This indicates that good wear resistance is due to the formation of self-formed SiC layers during the friction process.
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1. Introduction
From the economic point of view, there is a need to understand wear behavior and to develop metallic materials with good wear resistance.  Magnesium (Mg) and its alloys have a great deal of attention, because they have the lightest density among common metallic materials.  In terms of mechanical properties, in general, the wear property is closely related to hardness, as recognized as Archard’s law [1], which indicates that metallic materials with higher hardness have higher wear resistance.  From the metallurgical viewpoint, the grain refinement and alloying are the well-known strategies to increase the hardness (and strength) of metallic materials.  Similarity to general metallic materials, grain refinement in Mg and its alloys leads to enhance hardness (and strength), because of the large slope in the Hall-Petch relation [2].  However, it is noted that some of Mg and its alloys exhibit an opposite trend.  An inverse Hall-Petch relation is observed in these Mg metals having grain sizes even of several micrometer orders [3,4].  This is due to the occurrence of room-temperature grain boundary sliding associated with high diffusivity at grain boundaries [4,5].  Regarding alloying, only 15 types of solute element (excluding rare-earth elements) can be dissolved in Mg with a maximum solubility of 0.1at.% [6,7].  The extent of hardness and strength enhancement is primarily determined by differences in atomic radius (and modulus) between the solute and solvent atoms, in the case of solid solution strengthening.  
It is well-recognized that the dispersion of reinforced particles is another effective method to increase the hardness and strength of materials.  Various types of particles, including ceramics, glasses and polymers, can be employed as the reinforcing particles.  Metal matrix composites comprising these particles are reported to not only exhibit high hardness and strength but also demonstrate additional properties, e.g., good thermal stability [8-10].  Similar to those in the other metals, Mg matrix composites with such additional characteristics are also successfully synthesized [11-16].  Certain studies on Mg matrix composites have also examined their tribological and wear properties [17-26].  Metal matrix composites including Mg metal composites have additional mechanical and functional properties, due to injecting the properties of dispersed particles.  On the contrary, methods for fabricating bulk Mg matrix composites are limited as compared to those of general metal marix composites.  Liquid-state processes, such as casting, are inappropriate for producing Mg matrix composites, owing to substantial differences in wettability; whereas, solid-state processes, i.e., the hot-pressing and (spark plasma/microwave) sintering, are most commonly used [27-32].  Furthermore, wrought processes, which can impart shapes and dimensions to materials, are generally not applicable powder particle based fabrication; thus, it is necessary to use the hot-pressed and sintered samples as billets for the wrought process.  However, this approach complicates the fabrication of bulk composite specimens, raising further concerns regarding the prolonged durations and extensive efforts required.
Therefore, we have tried to produce sound bulky Mg/SiC composites through wrought process using a sheath, which contains mixed raw powders, instead of using preprepared billets.  This approach is aimed at addressing the complications encountered when fabricating composite specimens through powder metallurgy.  In this study, the SiC particles are selected as the reinforcing particles, owing to their characteristics of high hardness and high thermal conductivity.  In addition, we have examined the wear properties and have considered the deformation behavior of these metal matrix composites. 


2. Experimental procedures
2.1. Mg/SiC composite production and its microstructural observation
The powder metallurgy route was used to produce Mg matrix composites with various volume fraction, Vf, of SiC, (where Vf = 0 %, 2.5 %, 5 %, 10 %, 15 % and 20 %).  Commercial Mg powder (< 180 m) and three SiC powder particle sizes with 20~30 nm, 130 nm and 2~3 m were used in this study.  The Mg and SiC powders were mixed together, and then tap-packed into cylindrical sheaths made of commercial Mg-3wt.%Al-1wt.%Zn alloys using the hand-press.  Dimensions of this sheaths were an inside diameter of 20 mm with a length of 55 mm and an outer diameter of 40 mm with a total length of 70 mm.  These billets including the mixed Mg and SiC powders were kept in a furnace at setting temperature of 523 K for at least 30 minutes to achieve temperature same as the extrusion container, and subsequently was pressed at approximately 1,500 kN for more than 5 mins.  Then, they were extruded at the ram speed of 0.2 mm/s with an extrusion ratio of 16:1.  The extruded bars had a diameter of 10 mm and a length of more than 500 mm.
The microstructures of each extruded Mg/SiC composite were observed by optical microscopy.  The specimens for microstructural observations were prepared by mechanical polishing, then they were etched by acetic solution for several seconds.  The observed area in all the Mg/SiC composites was parallel to the extrusion direction.  In order to identify the magnitude of any defects and cracks in the extruded composites, void fractions were measured by high resolution computed tomography (CT) measurement with a scanning resolution of 0.4 m, which is the maximum resolution in this facility.

2.2. Evaluation of friction and wear properties
Wear tests were performed to evaluate the wear and friction properties of each extruded Mg/SiC composite using a ball-on-disk friction tester.  All tests were conducted at room temperature under dry condition.  High-carbon chromium bearing SUJ2 steel balls with a diameter of 4.7 mm were used as ball specimens for these tests.  Based on the regulation [33], the specific wear rate, K, was measured by the following equation:
      (1)
where V is the volume fraction, P is the applied load and L is the sliding distance.  In this study, the applied loads and sliding distance were 0.49 N, 2.94 N, 29.4 N and 1,000 mm, respectively.  The value of V was calculated as the difference in surface roughness before and after wear testing specimens by laser microscopy.  More than 50 points were measured for each specimen.  The friction coefficient, , was attained by the following equation [33]:
      (2)
where F is the friction load obtained from the friction testing.  These properties were determined from at least five specimens in each wear test.  The specimens for wear test were cut to a height of 2 mm, and they were polished to a mirror-like surface before the wear test.  In the specific wear tested specimens, the surface features after wear testing were observed by scanning electron microscopy (SEM) with attaching energy dispersive spectroscopy (EDX). 

2.3. Non-containing reinforcement SiC particle
In addition to the above-mentioned twelve types of Mg/SiC composite (different initial SiC particle size and its content of Vf), pure Mg comprising fine-grained structure (grain size ~1 µm) and coarse-grained structure (grain size ~100 µm) were prepared as comparison materials for the friction and wear tests to verify the effect of reinforcement particles, i.e., the SiC particle, on tribological properties.  Commercial cast pure Mg was extruded to attain these two typed of microstructures at the temperature of 373 K and greater than 523 K, respectively, hereafter denoted as the fine-grained Mg and coarse-grained Mg.  Each extruded pure Mg was cut using a precision cutter into a height of 2 mm.  The cut surface was polished to make a mirror surface as the disc specimen.  The procedures and wear testing conditions are the same as those described in Section 2.2.  The detailed microstructures of these extruded pure Mg and extrusion conditions have already reported in our previously studies [3,4].


3. Results
3.1.  Microstructures of each Mg/SiC composite
Figure 1 depicts an extruded Mg/SiC composite.  In Fig. 1(a), the gray area in the displayed cross-section represents the Mg/SiC composite and the bright contrasted region is the sheath composed of the Mg-Al-Zn alloy.  The Mg/SiC composite is confirmed to locate at the center of extruded bar.  Typical microstructures of the extruded Mg/SiC composites (particle size of 2~3 m) are shown in Fig. 2 for (a) Vf = 2.5 % and (b) 5 %.  The longitudinal direction in both images is the extrusion direction.  They show that grains consisting of the -Mg phase are slightly elongated due to the hot extrusion; while, the average grain size measured by the linear intercept method [34] is obtained to be 16.1 m and 15.1 m for the composites with Vf = 2.5 % and 5 %, respectively.  Although the microstructural observations for all the extruded Mg/SiC composites are not provided here, the relationship between the average grain size of the -Mg phase and the volume fraction of the SiC powder, Vf, is shown in Fig. 2(c).  It is interesting to notice that the average grain sizes of all the Mg/SiC composites are approximately 15 m, regardless of both initial SiC particle size and its content.  This is mainly due to the same extrusion temperature of ~523 K.  Figure 2(d) is the variation in the void fraction measured by CT as a function of the SiC content in the extruded Mg/SiC composites with a particle size of 2~3 m.  The maximum void fraction is 1.2 %, where Vf = 15 %; nevertheless, most of the composites have a void fraction of less than 1 %, regardless of the SiC content.  Figure 3 is the results of the SEM/EDX analysis of the extruded Mg/SiC composite (particle size of 2~3 m).  Figure 4 show the images taken by high magnification before chemical etching in the specific Mg/SiC composites.  Similar to Figs. 2(a) and 2(b), the observed region is the plane with parallel to the extrusion direction.  The bright and dark regions in Fig. 4 indicate the Mg and SiC, respectively.  As seen in Figs. 3 and 4, the structures consisting of Mg elongate along the extrusion direction.  The SiC particles appear dispersed around Mg regions with some particles forming clusters, owing to the adoption of the simple mixing method.  These observations also indicate that cracks and defects are rarely found out in all extruded bars, suggesting successful the fabrication of sound extruded bars.  

3.2. Wear property of extruded pure Mg metals
The wear volumes for the two types of extruded pure Mg with different grain size under a low load condition of 0.49 N are shown in Fig. 5(a).  The wear volumes increase linearly with sliding distance for both the coarse-grained Mg and fine-grained Mg.  SEM images of wear tacks on wear tested specimens are shown in Fig. 6.  In these images, the wear tracks appear to flow ductile in both extruded Mg metals.  Such a wear morphology is generally classified as a typical two-dimensional abrasive wear [35], and the wear type of these extruded pure Mg can be confirmed as abrasive wear.  Figure 5(b) shows the specific wear rate vs. applied load for the coarse-grained Mg and fine-grained Mg.  The sliding distance in the wear testing was set at 1,000 mm.  In the coarse-grained Mg, the specific wear rate increases proportionally with increasing applied load; on the contrary, the fine-grained Mg shows a tendency to decrease.  Abrasive wear is generally recognized as occur when the wear rate exceeds 1×10-6 mm2/N.  In addition, wear tracks on wear tested specimens even at performing low load conditions show abrasive wear.  Thus, it is still definitely classified as abrasive wear under all conditions in this study.
The reason for the difference in the trend of the specific wear rates in the coarse-grained Mg and fine-grained Mg is determined as follows.  As shown in Fig. 5(b), in the case of low loads, the wear resistance improves with coarser grain size.  In our previous study, grain size coarsening is effective in improving wear resistance, because grain boundary sliding, which occurs at lower applied stress as compared to that of dislocation slip, is the dominant in microscopic wear mechanism [36].  On the other hand, the relationship between grain size and wear resistance under high loads shows the opposite trend as compared to that under low loads.  It is assumed that, under high loads, the deformation speed of the base metal is faster than that under low loads.  In addition, the major microscopic wear mechanism changes from grain boundary sliding to dislocation slip, resulting in the occurrence of dislocation-induced fracture.  In general, grain refinement is an effective method for strengthening in metallic materials, as is known from the Hall-Petch relationship.  This is because grain boundaries act as obstacles to dislocation movements, and increases strength (and hardness) by causing an increase in deformation resistance [37,38].  In the same manner, strength and wear resistance are improved with grain refinement.  This fact well-fits with the results obtained from friction tests, especially, under high load conditions.  From these results, it is confirmed that i) extruded pure Mg occurs abrasive wear under the current testing conditions and ii) grain size coarsening effectively improves wear resistance, especially, under low load conditions.

3.3. Wear property of extruded Mg/SiC composites
The specific wear rates for the Mg/SiC composites with various SiC content are shown in Fig. 7.  The applied load and sliding distance are fixed at 0.49 N and 5,000 mm, respectively.  The results for extruded pure Mg having coarse- and fine-grained structures under the same loading conditions are also plotted in this figure for comparison.  This figure shows that the specific wear rates of Mg matrix composite (Vf = 0 %) plots between the rates for the extruded pure Mg.  This result is reasonable because the grain size of Mg matrix composite (Vf = 0 %) is ~14.7 µm, which is between the grain sizes of two types of extruded pure Mg.  Alternatively, for the Mg/SiC composites with Vf = 2.5 % and 5 %, the specific wear rates slightly increase with increasing SiC content, irrespective of the SiC particle size.  When the SiC content exceeds 10 %, the specific wear rate changes significantly according to the SiC particle size.  Specifically, the specific wear rate tends to decrease rapidly with increasing SiC content and with coarsening SiC particle size.
It is well known that the friction coefficient is closely related to the specific wear rate.  The variation in the friction coefficient with sliding distance for each Mg/SiC composite is investigated to understand the wear mechanism.  The results are shown in Fig. 8, where the SiC content is fixed at Vf = 10 %.  The properties of the Mg matrix composite (Vf = 0 %) are also investigated for comparison.  In Fig. 8, the Mg/SiC composite with SiC particle size of 20~30 nm shows almost the same trend as the Mg matrix composite (Vf = 0 %).  In addition, the friction coefficient is constant at approximately 0.4, irrespective of the sliding distance.  In contrast, as for the Mg/SiC composites with SiC particle size of 130 nm and 2~3 µm, the friction coefficient shows a sudden drop after sliding at a certain distance from the start of the test, i.e., ~2,300 mm for the former composite and ~200 mm for the latter composite, respectively.  After the rapid decrease in friction coefficient, this value remains constant at ~0.1 for both Mg/SiC composites.  Such a behavior is not observed in the Mg matrix composite (Vf = 0 %) and Mg/SiC composites with SiC particle size of 20~30 nm; thus, it is assumed that the wear mechanism changes when the SiC particle size and its volume fraction are above a certain value.
SEM images of the wear tracks in several Mg/SiC composite are shown in Fig. 9.  In the specimen without SiC particles (Fig. 9(a)), a ductile and flow-like wear scar is observed in the track, as is similarly observed in those of extruded pure Mg (in Fig. 6).  On the contrary, Fig. 9(b) displays that several cracks marked by arrows exist at the interface between the base Mg and the SiC particles, in the wear track of the Mg/SiC composite containing SiC particle size of 20~30 nm.  This suggests that delamination of the SiC particles caused by cracks at the interface leads to an increase in the specific wear rate.  Coarse roughness is observed in the Mg/SiC composite containing SiC particle size of 2~3 m, as shown in Fig. 9(c).  To quantitatively evaluate the roughness, the surface roughness, Ra, of the wear tracks in the Mg/SiC composites SiC particle size of 20~30 nm and 2~3 m (Figs. 9(b) and 9(c)) at the sliding distances of 100 mm and 5,000 mm are measured by atomic force microscope.  The average surface roughness obtained from more than 10 points is listed in Table 1.  For the Mg/SiC composite containing SiC particle size of 20~30 nm, the average value of Ra in the wear track is almost constant (1.6 m to 1.8 m), regardless of the sliding distance.  For the Mg/SiC composite SiC particle size of 2~3 m, the surface roughness tends to increase with increasing sliding distance (0.13 m vs. 0.69 m).  Under such a situation, the actual contact area decreases, which may have changed the wear mechanism.  Furthermore, the increase in surface roughness makes it easy to infer the generation of wear particles.  In the next section, it will be discussed with the mechanism for the sudden decrease in the friction coefficient during wear tests in the specific Mg/SiC composites.


4. Discussion
4.1. Effect of wear particles during friction test
As described in the previous section, the surface roughness of the Mg/SiC composite containing SiC particle size of 2~3 µm increases with a longer sliding distance.  Wear tests are conducted to investigate the effect of existence in wear particles on wear track, using the specimens with and without wear particles during friction process.  The latter case is realized by blowing nitrogen gas on the sliding track to constantly remove wear particles.  The specific wear rates of the Mg/SiC composites with Vf = 10 % are measured to be 7.8  10-5 mm2/N for with air blowing and 87.7  10-5 mm2/N for without air blowing, respectively.  Changes in the friction coefficient for both cases are shown in Fig. 10.  There is no sudden decrease in friction coefficient, when nitrogen gas is continuously blown: the friction coefficient remains constant at ~0.4.  As the same as that of friction coefficient, the specific wear rate does not decrease in this case of continuous air blowing.  This indicates that the generation of wear particles and their deposition on the wear tracks contribute to the reduced friction coefficient and specific wear rate.

4.2. SEM observation of wear tracks during friction processes
A sudden decrease in the friction coefficient is observed in the Mg/SiC composites containing more than Vf = 10 % and above a certain particle size.  The aforementioned additional experimental results reveal that such a decrease is induced by the presence of wear particles.  Element mapping images captured to investigate the mechanism for the decrease in the friction process using SEM/EDX for Mg/SiC composites containing Vf = 10 % and SiC particle size of 2~3 µm are shown in Fig. 11(a).  Note that the friction coefficient is 0.4, 0.3, 0.2 and 0.1.  This image clearly shows that the percentage of Si increases as the friction coefficient decreases to 0.1.  To quantify the presence of SiC, the ratio of Mg to Si (i.e., SiC) for each friction coefficient was calculated from the SEM/EDX images, as provided in Fig. 11(b).  Mg ratio decreases in corresponding to the decrease in the friction coefficient, while the Si ratio increases.  The cross-sectional and elemental mapping images of the wear track acquired by SEM/EDX are shown in Fig. 12.  The SiC particles buried inside the wear track are seen to create a self-formed SiC layer during the friction process, which cause the sudden decrease in the friction coefficient in the Mg/SiC composites.  In the early stages of the wear test process, the surface of Mg/SiC composites is relatively high friction, which leads to abrasive wear.  Under such a condition, wear particles containing SiC are produced and are accumulated on the wear tracks.  The change in wear tack feature associated with self-formed SiC layer brings about the sudden drop of friction coefficient.
Differences in the specific wear rates of the substrates containing SiC particle size of 130 nm and 2~3 µm can be attributed to the sliding distance, where the friction coefficient reaches to 0.1.  In previous literature using Al/SiC composites, the SiC particles are reported to undergo crushing during sliding [39].  With comparing the magnitude of applied stress, the ideal applied mean stress, , can be derived from the Hertzian contact theory follows [40]:
      (3)
where a denotes the contract radius defined as:
   (4)
where r is a radius of the boll, Eball and EMg are the elastic moduli of the ball and Mg metal, ball and Mg are the respective Poison ratios.  Given the elastic moduli and Poison ratios of the ball and Mg metal (200 GPa and 0.3 for an SUJ2 steel ball and 40 GPa and 0.3 for base metal in Mg [41]), the mean stress is calculated to be > ~200 MPa under the current condition, which exceeds the yield strength of pure Mg metal (150 MPa to 200 MPa) [3].  Therefore, the SiC particles are assumed to be created by crush from the Mg/SiC composites.  In the case of substrate containing SiC particle size of 2~3 µm, when the SiC particles generated as wear particles are crushed to an appropriate size, the self-formed SiC layer is created on the wear track.  On the contrary, in the case of the SiC particle size of 130 nm, SEM/EDX images show that SiC particles are deposited locally.  Furthermore, these images reveal that they have both layer-forming and cracked areas.  The reason for a short sliding distance to reach the friction coefficient of 0.1 in the SiC particle size of 2~3 µm is assumed to increase the amount of the crushed SiC particle consisting of effective size.  
We conclude that the conditions required to achieve low friction in Mg/SiC composites is the SiC initial particle size of at least 130 nm and content of at least 10 %.  However, these values are influenced by the sliding conditions.  Therefore, the basic friction reduction mechanism for the Mg/SiC composites is due to the self-formed SiC layers that are formed after a certain sliding distance.  Subsequently, these composites exhibit stable low friction property.


5. Conclusions
In this study, various Mg/SiC composites using several initial SiC particle size were produced by powder metallurgy route, and their friction and wear properties were investigated by ball-on-disk friction testing.  The results obtained from this study are as follows.
· Using the sheath containing the simple mixed powders, long length bulky Mg/SiC composites with a void fraction of less than 1 % were successfully fabricated by hot extrusion, regardless of the SiC particle size and content.
· Wear tests conducted on extruded pure Mg with two different grain sizes showed that the wear pattern was a typical of abrasive wear under the current testing condition.
· In the Mg/SiC composite with Vf = 2.5 % and 5 %, the specific wear rate increased with increasing content (by volume) of SiC particles, irrespective for the initial SiC particle size.  However, when the SiC particles were larger than a certain size and their content exceeded 10 %, the friction coefficient decreased rapidly in the friction process.
· The surface and cross-sections of the Mg/SiC composites were observed by SEM/EDX during a sudden drop in the friction coefficient.  The element mapping images acquired from SEM/EDX analysis showed that the Mg ratio decreased (while the SiC ratio decreased) with reducing friction coefficient.  This indicates that the low friction, i.e., good wear resistance, of the Mg/SiC composite was due to the formation of a SiC self-forming layer in the friction process.
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Captions
Figures
Figure 1: Aspect of extruded Mg/SiC composites (a) cross-sectional image and (b) out side image.

Figure 2: Results of microstructural observation for (a), (b) extruded Mg/SiC composites, (c) grain size vs. SiC content and (d) void fraction vs. SiC content measured by CT.  where dp indicates the initial SiC particle size.

Figure 3: SEM/EDX images of extruded Mg/SiC composite having Vf = 5 % with SiC particle size of 2~3 m.

Figure 4: Microstructures before chemical etching in extruded Mg/SiC composites with SiC particle size of 130 nm (a) Vf = 2.5 %, (b) Vf = 5 %, (c) Vf = 10 % and (d) Vf = 15 %.  where white and dark regions indicate Mg and SiC, and ED means the extrusion direction.

Figure 5: Results obtained from wear testing in two types of extruded pure Mg for (a) wear volume vs. sliding distance and (b) specific wear rate vs. magnitude of applied load.

[bookmark: _Hlk141455201]Figure 6: SEM images after wear tested sample for (a) extruded pure Mg with coarse-grained structure and (b) with fine-grained structure.

Figure 7: Variation in specific wear rate as a function of SiC contents in Mg/SiC composites.  This figure includes the results using two types of extruded pure Mg.  where dp indicates the initial SiC particle size.

[bookmark: _Hlk141455348]Figure 8: Relationship between friction coefficient and sliding distance for Mg/SiC composites having Vf = 10 %.  where dp indicates the initial SiC particle size.

Figure 9: SEM images after wear tested sample for (a) Mg matrix composite, (b) Mg/SiC composite containing SiC particle size of 20~30 nm and (c) SiC particle size of 2~3 m.

Figure 10: Relationship between friction coefficient and sliding distance under with/without continuous gas blow.

Figure 11: (a) Surface features and element mapping images for various friction coefficients in Mg/SiC composites and corresponding friction coefficient vs. element ratio of Mg and Si.

Figure 12: Cross-sectional and element mapping images from the wear track acquired by SEM-EDX analysis for (a) compo image, (b) Mg and (c) Si element maps.




Table
Table 1: The results obtained from surface roughness measurement after wear testing at sliding distances of 100 mm and 5,000 mm.
	particle
	sliding distance, mm
	surface roughness, m

	2~3 m
	100
	0.13

	2~3 m
	5,000
	0.69

	20~30 nm
	100
	1.80

	20~30 nm
	5,000
	1.57
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Figure 1: Aspect of extruded Mg/SiC composites (a) cross-sectional image and (b) out side image.
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Figure 2: Results of microstructural observation for (a), (b) extruded Mg/SiC composites, (c) grain size vs. SiC content and (d) void fraction vs. SiC content measured by CT.  where dp indicates the initial SiC particle size.
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Figure 3: SEM/EDX images of extruded Mg/SiC composite having Vf = 5 % with SiC particle size of 2~3 m.
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Figure 4: Microstructures before chemical etching in extruded Mg/SiC composites with SiC particle size of 130 nm (a) Vf = 2.5 %, (b) Vf = 5 %, (c) Vf = 10 % and (d) Vf = 15 %.  where white and dark regions indicate Mg and SiC, and ED means the extrusion direction.
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Figure 5: Results obtained from wear testing in two types of extruded pure Mg for (a) wear volume vs. sliding distance and (b) specific wear rate vs. magnitude of applied load.
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Figure 6: SEM images after wear tested sample for (a) extruded pure Mg with coarse-grained structure and (b) with fine-grained structure.
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Figure 7: Variation in specific wear rate as a function of SiC contents in Mg/SiC composites.  This figure includes the results using two types of extruded pure Mg.  where dp indicates the initial SiC particle size.





[image: ]
Figure 8: Relationship between friction coefficient and sliding distance for Mg/SiC composites having Vf = 10 %.  where dp indicates the initial SiC particle size.
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Figure 9: SEM images after wear tested sample for (a) Mg matrix composite, (b) Mg/SiC composite containing SiC particle size of 20~30 nm and (c) SiC particle size of 2~3 m.
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Figure 10: Relationship between friction coefficient and sliding distance under with/without continuous gas blow.
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Figure 11: (a) Surface features and element mapping images for various friction coefficients in Mg/SiC composites and corresponding friction coefficient vs. element ratio of Mg and Si.
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Figure 12: Cross-sectional and element mapping images from the wear track acquired by SEM-EDX analysis for (a) compo image, (b) Mg and (c) Si element maps.
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